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On the possibility of invoking wave-particle dualism by addressing localized
deformation
Lev B. Zuev
Institute of Strength Physics and Materials Science
Russian Academy of Sciences, Siberian Branch, 634021, Tomsk, Russia∗
The deBroglie relation is applied to the analysis of auto-wave processes of localized plastic flow in
various materials and the results obtained are considered. It is found that the localization of plastic
deformation can be conveniently addressed by invoking a hypothetical quasi-particle conjugated with
the wave process of flow localization. The mass of the quasiparticle and the area of its localization
have been defined.
PACS numbers: 05.45.Df, 05.70.Ln, 62.29.Fe.
It has been found experimentally (see, for exam-
ple, [1, 2, 3]) that over the entire course of flow in solids,
plastic deformation is prone to localization. The form of
localization is determined by the law of work hardening
acting at a given stage of flow; hence a variety of local
strain patterns observed. The most striking type of local-
ization is observed during linear work hardening of single-
and polycrystals with strain-independent work hardening
coefficient, i.e. θ = 1
G
dτ
dǫ
(G is the shear modulus; τ and ǫ
are the shear stress and the strain, respectively). In this
case, in the deforming specimen there emerges a typical
wave picture, for which the wavelength λ and the wave
propagation velocity, V , which is inversely proportional
to θ, can be measured [3]. The observed waves are gen-
erated as a result of interaction and self-organization of
elementary acts of plastic deformation; therefore, they
can be assigned [3] to a certain kind of dissipative struc-
tures that form in open systems [4], to which deforming
solids also belong.
By addressing this kind of waves in [5], the author
applied the de Broglie relation to calculate mass. It
was found that the calculated value correlated with the
atomic weight of the metal from which the specimen was
made. However, this result was obtained by assuming V
to be equal to the motion velocity of the movable clamp of
the test machine, i.e. V = Vmach , which was apparently
an unjustified assumption, since the experimental evi-
dence reported in [2, 3] suggests that 10 ≤ V/Vmach ≤ 50.
Therefore, in the present work an attempt is made to use
the de Broglie relation in a more consistent fashion for
the treatment of experimental data on the wavelength of
localized deformation, λ, and the rate of wave propaga-
tion, V , which were obtained previously [1, 2, 3] for Cu,
γ-Fe and Ni single crystals and Zr and Al polycrystals.
Indeed, using experimental values of λ and V [3] and
the de Broglie relation λ = h
mV
(h is the Planck constant)
in the same way as it was done in [5] for estimating mass
m =
h
λV
(1)
m values were calculated for five metals investigated. The
estimates obtained are listed in the Table. Evidently,
the listed values fall within a narrow range; in all of the
cases, me ≪ m ≈ 1 amu = 1.66·10−24g (me is the rest
electron mass; amu is the atomic mass unit) and the av-
erage atomic mass obtained for five metals investigated,
〈m〉 = (2.35± 0.70) · 10−24 g = 1.43 ± 0.42 amu.
Then division of m by the density ρ of the respective
metal yields volume Ω, i.e.
Ω =
m
ρ
(2)
The values of Ω and dΩ =
3
√
Ω are listed in the Table.
It turns out that the dΩ quantities are close to the ion
radii, rion, of the respective metals (in the case of Zr, Fe
and Ni, they are practically the same). The quantities
dΩ/rion obtained for all the metals investigated (see the
Table) support the above conclusion; thus it is seen that
the average obtained for five elements (Cu, Al, Zr, Fe and
Ni) 〈dΩ/rion〉 = 1.05.
Let us consider a certain tendency revealed by the se-
ries of m values derived from (1) for the metals investi-
gated. It turns out that the quantity s, which was ob-
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FIG. 1: Dependence of the parameter s on the number of
electrons within unit cell n.
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2Metal λ V, ·10−3 m, ·10−24 ρ Ω, ·10−24 dΩ rion dΩ/rion s, ·10
−2
(number of electrons (cm) (cm/s) (g) (g/cm3 ) (cm3) (A˚) (A˚)
per unit sell, n) (amu)
Cu (1) 0.45 8.0 1.84 8.9 0.21 0.59 0.72 0.82 1.74
(1.10)
Al (3) 0.72 11 0.84 2.7 0.31 0.68 0.51 1.33 1.87
(0.50)
Zr (4) 0.55 3.5 3.44 6.5 0.53 0.81 0.79 1.02 2.24
(2.07)
Fe (8) 0.50 5.1 2.60 7.9 0.33 0.69 0.64 1.08 2.81
(1.57)
Ni (10) 0.35 6.0 3.16 9.9 0.32 0.68 0.69 0.99 3.24
(1.90)
TABLE I: Estimates of the macro-characteristics of the wave processes
tained for the corresponding elements by normalization
of m values with respect to atomic mass, Mat,
s = m/Mat ≪ 1 (3)
grows linearly with the number of electrons within unit
cell, n, of the respective metal [6] in the range covered by
the metals investigated, i.e. 1 ≤ n ≤ 10. In this instance,
the equation s(n) has the form (see Figure)
s = s0 + κn = 1.5 · 10−2 + 0.17 · 10−2 · n (4)
and the correlation coefficient for s and n has a rather
meaningful value of 0.99 [7].
Finally, consider another possibility of mass evalua-
tion, which is associated with localization waves of plas-
tic flow. It is shown in [3] that auto-waves of localized
plastic deformation are governed by dispersion law of the
type ω = 1 + k2, which is tantamount to the existence
of a gap in the vibration spectrum 0 ≤ ω ≤ ωmin ≈
10−2s−1. Accordingly, by making use of the averaged
value of wave velocity derived for five metals investigated,
〈V 〉 = (6.72±1.29)·10−3 cm/s, one can calculate average
mass
〈m〉 = 2h¯ωmin〈V 〉2 ≈ (2.93± 0.49) · 10
−24g ≈ (1.8± 0.3)amu
(5)
which has the same order of magnitude as the above value
. Moreover, a comparison of the both averaged values [7]
reveals that the difference in the estimates obtained by
the above two methods is statistically insignificant. It
is also obvious that h¯ω ≪ kBT ( kB is the Boltzmann
constant), which suggests that spontaneous excitation of
auto-waves of localized deformation is liable to occur at
any temperature. Although straightforward, the above
estimates are in no way trivial. They make it apparent
that to the macroscopic characteristics of the process of
plastic flow localization, such as the propagation rate and
wavelength of the wave of localized deformation, directly
correspond microscopic entities with physically meaning-
ful parameters, such as size, ∼ rion, and mass ∼ 1 amu.
In point of fact, we are dealing with a correspondence be-
tween the collective processes of self-organization (auto-
waves) occurring in the deforming medium on the one
hand and certain quasi-particles having:
i. effective mass, 0.5 ≤ m ≤ 2 amu,
ii. size (area of localization), dΩ ≈ rion ,
iii. velocity, 10−3 ≤ V ≤ 10−2 cm/s
on the other.
Such quasi-particles might be correlated with the
auto-wave processes of self-organization occurring in the
course of plastic flow and with the propagation of auto-
waves having the above macroscopic characteristics.
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